The StyLTI restriction-modification system is common to most strains of the genus Salmonella, including Salmonella typhimurium. We report here the two-step cloning of the genes controlling the StyLTI system. The StyLTI methylase gene (mod) was cloned first. Then, the companion endonuclease gene (res) was introduced on a compatible vector. A strain of S. typhimurium sensitive to the coliphage lambda was constructed and used to select self-modifying recombinant phages from a Res-Mod' S. typhimurium genomic library in the XEMBL4 cloning vector. The methylase gene of one of these phages was then subcloned in pBR328 and transferred into Escherichia coli. In the second step, the closely linked endonuclease and methylase genes were cloned together on a single DNA fragment inserted in pACYC184 and introduced into the Mod' E. coli strain obtained in the first step. Attempts to transform Mod-E. coli or S. typhimurium strains with this Res' Mod' plasmid were unsuccessful, whereas transformation of Mod' strains occurred at a normal frequency. This can be understood if the introduction of the StyLTI genes into naive hosts is lethal because of degradation of host DNA by restriction activity; in contrast to most restriction-modification systems, StyLTI could not be transferred into naive hosts without killing them. In addition, it was found that strains containing only the res gene are viable and lack restriction activity in the absence of the companion mod gene. This suggests that expression of the StyLTI endonuclease activity requires at least one polypeptide involved in the methylation activity, as is the case for types I and III restriction-modification systems but not for type II systems.
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Restriction-modification systems (R-M systems) are biological systems that enable bacterial cells to make a distinction between their own DNA and foreign invasive DNA (phage DNA, for example). R-M systems consist of two highly specific enzymatic activities: an endonuclease and a DNA methylase which recognize the same specific sequence on DNA. After recognizing this sequence, the ei-kdonuclease cleaves both strands of the DNA within or outside the sequence. This function is called restriction. The methylase protects the resident DNA from restriction by methylating it at the specific sequence. This function is called modification. R-M systems have been classified into three groups, called types I, II, and III according to the complexity of their enzyme structures and their cofactor requirements. The three groups are also characterized by the structure of the DNA sequence recognized by the enzymes (see recent reviews in references 3, 35, 40, and 41) . Mutations in the restriction-modification loci can result in two distinct phenotypes: either the loss of both restriction and modification functions (Res-Mod-phenotype) or the loss of the restriction function only (Res-Mod' phenotype).
There are three known R-M systems in Salmonella typhimurium LT2 and LT7: the StyLTI, StySA, and StySB systems (14, 15, 18) . All of them are encoded by chromosomal genes.
The StySB locus maps between serB and pyrB at 98 min on the chromosomal map of S. typhimurium (18) . This type I system belongs to the Ia family proposed by Bickle (3) . StySB genes are allelic to genes of the other members of the Ia family, including the well-characterized EcoK and EcoB systems, and to the serB-linked systems of other Salmonella strains (9, 39 (27) .
Unlike the serB-linked systems (StySA and StySB), StyLTI is common to most strains of the genus Salmonella, with the notable exceptions of S. typhi, S. gallinarum, and S. pullorum (10) . In addition, and again in contrast with StySA and StySB, StyLTI has the same DNA specificity in all Salmonella strains in which it is present. From an evolutionary point of view, it is surprising that StyLTI remains invariable while the serB-linked systems show great plasticity for changes in specificity. On the basis of this observation, Bullas and coworkers (10) suggested that StyLTI may possess a mechanism which prevents specificity changes, whereas such a mechanism would be missing in the serBlinked systems.
The StyLTI locus maps close to proC at 8.5 min on the chromosomal map of S. typhimurium (16) (7, 12, 17, 18 (33) . Second, the product of the N gene of X is not functional in S. typhimurium because of the absence of an appropriate nusA gene in this species (21) . The first problem can be overcome by introducing into S. typhimurium a multicopy plasmid (pAMH62) expressing lamB, the gene coding for the X receptor of E. coli (24) . The second problem can be circumvented by using N-independent (nin) derivatives of phage A (23) . In addition, we found that the S. typhimurium host strain must carry a galE mutation or other mutations leading to. a rough phenotype to obtain visible plaques of A (strain CL4701, Table 1 ).
Construction of a genomic library from a Res-Mod' (StyLTI) S. typhimurium strain in the XEMBL4 vector. Highmolecular-weight chromosomal DNA of Res-Mod' (Sty LTI) S. typhimurium CL4243 was purified by equilibrium centrifugation in a CsCl-ethidium bromide gradient (30) . A sample of this DNA was subjected to Sau3AI partial digestion in order to obtain fragments of suitable sizes (10 to 20 kb) for subsequent ligation and packaging. The partially Sau3AI-digested DNA was dephosphorylated and mixed with XEMBL4 DNA previously cut with BamHI and Sall and precipitated with isopropanol (22) . The mixture was ligated at a DNA concentration of 100 Rg/ml and then packaged by using an in vitro packaging system. Samples of su'itable dilutions were plated on both NM538 (P2)-and NM539 (P2)+ in order to determine the proportion of recombinant phages by their Spi-phenotype (22) .
Detection of StyLTI modification activity of recombinant plasmtids by means of zygotic induction of phage P22 in E. coli. The Mod (StyLTI) phenotype conferred by recombinant plasmids was determined by measuring the StyLTI modification inherited by phage P22 after passage through E. coli strains containing the plasmid to be examined. Phage P22, whose natural host is S. typhimurium, does not adsorb to E. coli. Thus this phage was introduced into E. coli as a prophage carried by a conjugative F' plasmid. The F' lac pro (P22) contained in strain CL1250 was constructed as previously described (5) . One milliliter of an overnight culture of CL1250 was mixed with 1 ml of an overnight culture of the strain to be examined in 10 ml of fresh LB medium. After 1 h of incubation at 37°C without agitation, the mixture was aerated until partial lysis occurred (in about 2 h). A sample of the lysate was sterilized with chloroform, and the EOP of the phage was measured on both Res' (StyLTI) and Res-(StyLTI) S. typhimurium strains (CL4100 and CL4243, respectively).
Construction of a genomic library from a Res' Mo4d (StyLTI) S. typhimurium strain in the pACYC184 vector. High-molecular-weight chromosomal DNA of wild-type S. typhimurium CL4100 was purified and digested with Sau3AI as described above. The Sau3AI fragments were ligated with pACYC184 DNA linearized with BamHI and dephosphorylated. The ligation mixture was transformed into Mod' (StyLTI) CL1501. Transformed cells were selected on LB agar medium plates containing tetracycline and chloramphenicol.
Screening for Res' (StyLTI) recombinant E. coli strains. Res' (StyLTI) candidate clones were selected by their enhanced resistance to nonmodified XEMBL4 phage. Transformed colonies were replica plated on LB plates seeded with about 107 nonmodified particles of XEMBL4. The authentic Res' clones were identified among lysis-resistant colonies by their sensitivity to modified XEMBL4.
Curing of plasmids. In order to cure E. coli strains of plasmids, successive cultures of these strains were made in LB liquid medium in the absence of antibiotic selection. After several subcultures, antibiotic-sensitive colonies were isolated and screened for the absence of plasmid DNA. 
RESULTS
Cloning of StyLTI mod gene. Recombinant phages containing the gene for the StyLTI modification enzyme were selected according to the method described by Borck et al. (4) . This procedure is based on the assumption that recombinant phages containing the gene of a modification methylase can modify their own DNA when grown in a Mod-host. This allows one to perform an in vivo selection of selfmodifying clones by exposing the library to the restriction exercised by a Res' strain.
In the case of StyLTI, such a method for selecting the Mod' clones required two conditions to be fullfilled. First, the vector used had to be able to propagate on S. typhimurium. Second, it had to be sufficiently sensitive to StyLTI restriction to allow effective selection of the clones.
The susceptibility of replacement vector XEMBL4 to StyLTI restriction was measured on lambda-sensitive Res' (StyLTI) S. typhimurium CL4701, obtained by introducing plasmid pAMH62 into the galE strain CL4532. Results given in Table 2 (lysates 1 and 2) show that XEMBL4 is strongly affected by the StyLTI restriction: about one XEMBL4 nonmodified particle among 107 particles escaped the StyLTI restriction activity exercised by CL4701. Thus a powerful selection could be exercised to select Mod' (StyLTI) recombinant phages if they could ensure their own modification during the previous lytic cycle. A genomic library of the Res-Mod' (StyLTI) S. typhimurium strain CL4243 was then constructed with the XEMBL4 vector. A sample of about 12,000 PFU of the library was amplified on CL4626 in order to allow host-induced modification of the library for systems StySA and StySB and self-modification of the desired clones for StyLTI. Results in Table 2 show that the amplified library (lysate 3) plated on Res' (StyLTI) CL4701
with an EOP about 1,000 times higher than that of the vector.
The self-modifying capacities of 12 recombinant phages randomly selected on CL4701 were examined. These 12 candidates were grown on Mod-CL4626 in order to eliminate the StyLTI modification inherited from the selecting CL4701 while allowing them to perform their own modification. All 12 lysates thus obtained plated on CL4701 with an EOP of about 1, showing that they had most likely ensured their own StyLTI modification and thus should contain and express the StyLTI mod gene. One of these self-modifying phages, XMLTI1 ( Table 2 , lysates 4 and 5), was retained for further study.
A 10.6-kb EcoRI fragment of XMLTI1 containing the mod gene was subcloned in the EcoRI site of pBR328, and a restriction map was established (Fig. 1, pRUCL510 ). Selected fragments were then further subcloned into pBR328 and pTZ18R to establish whether these fragments were sufficient to confer the Mod' (StyLTI) phenotype on HB101 (Fig. 1, pRUCL511, pRUCL520, and pRUCL521) . The smallest fragment conferring modification activity was found to be the 4.5-kb fragment flanked by PstI and Sall sites in pRUCL 521.
Cloning of StyLTI res gene. Since the StyLTI mod gene had been subcloned into pMB1-derived plasmids, the compatible plasmid vector pACYC184 was used for cloning the companion res gene. A is not the introduction of the res gene but rather its activity, which in this case is activated by the incoming mod gene, which causes the transformation failure.
DISCUSSION
Earlier observations (16, 20a, 20d) concerning the apparent loss of linkage between StyLTI genes and proC in conjugative crosses and transductions between Res' Mod' donors and Res-Mod-recipients were very unusual. Theoretically, there were three possible ways to explain these unexpected observations. First, the loss might be due to some irregularities at the level of recombination between the transferred and resident StyLTI loci. Second, it might be due to a lack of expression of the wild-type StyLTI genes established in a Mod-host. Third, it might be related to the special situation of zygotes when the resident DNA is not modified but the zygotes have inherited a set of genes governing the ability to degrade unmodified DNA. Such a situation could be lethal to the zygotes. However, no such zygotic lethality was observed upon genetic analysis of other R-M systems (7, 12, 17, 18) .
The cloning of the StyLTI genes permitted an examination of the transfer and expression of these genes into Mod-(StyLTI) hosts without involvement of the recombination process. In order to ensure the establishment and expression of the StyLTI genes, these genes were cloned sequentially. The mod gene was cloned first, and then, after modification of the host cells had taken place, the res gene was introduced. The establishment of the cloned StyLTI system into a new host was shown to be strictly dependent on the previous StyLTI modification ability of the host. This observation suggests that the introduction of StyLTI genes in naive hosts is lethal because of degradation of host DNA by the restriction activity. Work reported separately (20b) (6) , PaeR7 (38) , TaqI (34) , and FokI (28) . On (26, 31) . The mechanism permitting this establishment is still unknown. However, it has been shown that upon phage P1 infection and lysogenization, EcoPl modification is expressed much faster than restriction (1), allowing full protection of the resident DNA and establishment of the P1 prophage in its new host. R-M systems encoded by plasmids and phages must be designed for horizontal transfer into new hosts. In contrast, the inability of the StyLTI system to be transferred into nonmodified hosts could be related to the fact that it is located on the chromosome.
In addition to a defensive action against infection by phages, R-M systems also limit exchanges of genetic information between bacteria and may constitute an important factor in the speciation phenomenon. The presence of the invariant StyLTI system in most serotypes of Salmonella species (10) suggests that this system could have played an important part in the evolution of the salmonellae. Indeed, the emergence in an ancestral bacterial cell of an R-M system unable to be transferred to other cells or to change specificity could have led to strong genetic isolation of its progeny.
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